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Abstract: Progressive Multifocal Leukoencephalopathy (PML) is a rare but often fatal opportunistic infection caused
by the John Cunningham (“JC”) virus in immunocompromised individuals. PML is usually described after multiple
lines of immunochemotherapy often containing rituximab in patients with B-cell malignancies including chronic
lymphocytic leukemia (CLL). The occurrence of PML after single agent ibrutinib for the treatment of CLL is extremely
rare. We report a case of PML presented shortly after ibrutinib was initiated as the first-line monotherapy for the
treatment of a patient with CLL. The patient presented with rapidly progressive neurologic symptoms that started
two weeks after ibrutinib was started. An MRI of the brain was concerning for PML, but multiple CSF samples tested
negative using a polymerase chain reaction for the JC virus. Finally, a brain biopsy clinched the diagnosis of PML.
Unfortunately, the patient deteriorated over the next several weeks despite the discontinuation of ibrutinib and died
from the PML. As ibrutinib has been moved up to the frontline setting for the treatment of CLL, it is important to
increase awareness of the association of ibrutinib therapy to the occurrence of PML. The prognosis of PML remains
poor despite a prompt diagnosis and the withdrawal of ibrutinib to allow immune reconstitution.
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Introduction [3-5]. Reports of Bruton’s tyrosine kinase (BTK)
inhibitors, such as ibrutinib, contributing to
the development of PML are extremely rare.
Currently, BTK inhibitors are either approved
for, or being investigated in, the treatment of
many hematologic malignancies [6]. Therefore,

it is important to be aware of the adverse side

Progressive multifocal leukoencephalopathy
(PML) is a central nervous system demyelinat-
ing disease caused by the John Cunningham
virus (or “JC” virus). The reactivation of the
virus occurs almost exclusively in immunosup-

pressed patients, including those with ac-
quired immune deficiency syndrome (AIDS),
hematologic malignancies, autoimmune dis-
eases and solid organ or hematopoietic stem
cell transplant (HSCT) recipients [1, 2]. The
diagnosis of PML has also been reported in
patients receiving monoclonal antibodies (e.g.
natalizumab, rituximab, alemtuzumab, brentux-
imab vedotin, ofatumumab, obinutuzumab etc.)
and therapy with other immune suppressants
(prednisone, methotrexate, cyclosporine, etc.)

effects of ibrutinib, including those that are
rare. Here, we present a case of a patient
who developed PML immediately after being
started on ibrutinib monotherapy for first line
treatment of chronic lymphocytic leukemia
(CLL).

Case presentation

A 73-year old male with a history of CLL (diag-
nosed in March 2018) presented to the emer-


http://www.ijcem.com

Ibrutinib causing PML in a CLL patient

Figure 1. Brain MRI of the patient following ibrutinib therapy for 6 weeks. A.
A FLAIR image showing a white matter hyperintensity lesion in the posterior
right frontal lobe with the involvement of the subcortical U-fibers. B. A FLAIR
image displaying multiple bilateral and asymmetric hyperintense white mat-
ter foci. C. A T1 post contrast image showing heterogenous enhancement
of the right frontal lobe white matter lesion. D. A T1 post contrast image
demonstrating the scattered bilateral and asymmetric foci of white matter
enhancement, some corresponding to the foci of white matter signal abnor-

mality on FLAIR images.

gency department in September 2018 with
complaints of altered mental status, decreas-
ing independence in activities of daily living, a
fall, and confusion. These symptoms began
two weeks after starting ibrutinib therapy for
the treatment of CLL. The patient was star-
ted on ibrutinib 420 mg daily as the first line,
single-agent therapy for RAI stage Ill CLL in
August 2018, six weeks before his presenta-
tion with the progressive neurologic sym-
ptoms. The physical examination showed nor-
mal vital signs and no acute distress. The
neurological examination was notable for left
upper extremity weakness (4/5). He was alert
and awake but was disoriented to time. He
also had a decreased attention span, could
not spell “world” backwards, and had both
impaired immediate and delayed recall. The
laboratory results indicated normal electro-
lytes, bilirubin, and liver enzymes. The erythro-
cyte sedimentation rate was 92 mm/hr, the
creatinine levels were 1.5 mg/dL, the blood glu-
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cose levels were 152 mg/dL,
the white blood cells counts
were 9,000 cells/mm?® with
an absolute lymphocyte co-
unt 6000 cells/ymm?, the
hemoglobin levels were 11.7
g/dL, and he had normal
platelets, prothrombin time,
partial thromboplastin time,
and urinalysis. The general-
ized lymphadenopathy and
splenomegaly seen prior to
the initiation of ibrutinib had
now resolved. The ibrutinib
was discontinued and sup-
portive care provided.

The magnetic resonance im-
aging (MRI) of the brain re-
vealed findings concerning
for PML (Figure 1A-D). A lum-
bar puncture was obtained,
and the cerebrospinal fluid
(CSF) showed a normal cell
count, normal glucose levels,
and slightly elevated protein.
The CSF and blood tests
were negative for human im-
munodeficiency virus (HIV),
herpes simplex virus (HSV),
varicella-zoster virus (VZV),
cytomegalovirus (CMV) and
enterovirus. The cytology and
immunophenotyping of the CSF by flow cy-
tometry were both negative for malignancy or
CLL. The JC virus testing by polymerase
chain reaction (PCR) on the first CSF spe-
cimen came back as inconclusive. A repeat
spinal fluid PCR for JC virus done a week later
came back negative. A third CSF analysis was
also negative for JC virus. Hence, it was decid-
ed to do a brain biopsy of the right frontal
lesion. The brain biopsy confirmed the diagno-
sis of PML (Figure 2A-C). The patient was
referred out to receive adoptive T cell therapy
for PML in a clinical trial, but he died from pro-
gressive disease several weeks later.

Discussion

What is known about the association of ibruti-
nib and PML in patients with CLL?

A literature review confirms that PML is an

extremely rare event in patients receiving ibru-
tinib therapy for CLL. There are only a few cases
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Figure 2. Brain biopsy, H & E stain 20x%: cortex with increased microglia and
gliosis with a subset of cells showing nuclei with basophilic glassy chromatin
also known as viral cytopathic effect (A). Brain biopsy, SV40 immunostain,
10x (B) and 20x (C) - the cortex shows cellular nuclei with the viral cyto-
pathic effect, positive for SV40 (a surrogate marker for the JC virus).

reported, as of the time of our writing. In a
case report by Lutz, et al., a patient with CLL
was being treated with rituximab (along with
several other agents), with the last course of
rituximab documented three years prior. When
the patient was switched to ibrutinib, the
patient subsequently developed PML [7]. A
second case was published by Hsiehchen,
et al. in which the patient developed PML
after being on prolonged ibrutinib therapy,
with a low burden of CLL disease [8]. In a se-
ries of five cases of PML among ibrutinib
treated patients published by Bennett et al.,
four patients (80%) had previously received a
rituximab-containing regimen and one had
received chlorambucil before ibrutinib was
initiated [9]. To the knowledge of these au-
thors, this is the first case of PML to be report-
ed with a symptom onset after a few weeks of
first line ibrutinib single-agent therapy for CLL.

The indications of ibrutinib as a therapy for
CLL have been drastically increased. While it
was initially approved as the first-line agent
only for high risk CLL with 17p deletion [10], it
has since received approval as the first-line
therapy for all patients with CLL [11]. In CLL,
therapy with ibrutinib is continued until the
disease progresses or unacceptable toxicity
occurs. This makes it a long-term therapy,
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which can cause an extend-
ed period of immunodeficien-
e cy that can subsequently
increase the risk of rare
and unusual infections, in-
cluding PML. The clinical use
of ibrutinib continues to ex-
pand to other B cell indo-
lent lymphomas, including ly-
Sy e mphoplasmacytic lymphoma

AT 2 (Waldenstrém’s  macroglobu-

linemia), marginal zone lym-
phoma, and mantle cell lym-

sl ) phoma. With its increased
A e '. | utilization, time will tell if the
Ty widespread use of ibrutinib
R is associated with an in-
S creased frequency of PML

cases in patients with indo-
lent lymphomas.

What do clinicians need to
know about the diagnosis of
PML in general?

In addition to the clinical features described
in our case, neuroimaging findings in PML can
be characteristic of the disease. An MRI is
the most sensitive tool to screen suspected
PML patients [12]. The PML lesions are
usually multifocal and asymmetric in the peri-
ventricular and subcortical white matter but
may involve the corpus callosum, brainstem
pyramidal tracts, and cerebellum. Involvement
of the subcortical U fibers is frequently seen
[13-15]. The lesions classically do not en-
hance with contrast and do not display mass
effect or hemorrhage. However, contrast
enhancement has been reported with natali-
zumab-associated PML, immune reconsti-
tution inflammatory syndrome after retroviral
therapy for AIDS, and has been linked with
improved survival [13, 14]. When PML is
suspected, the workup should include a
spinal fluid analysis to rule out other infectious
or inflammatory etiologies, and JC virus tes-
ting should be performed using PCR. In the
case of the JC virus, PCR testing is usually
highly specific (92-100%), but the sensitivity
of this modality is markedly lower (72-92%),
and a negative test should not exclude PML
infection [16]. It is not uncommon to find
negative CSF and JC virus PCR results in
patients with AIDS who are on antiretroviral
therapy [16]. Therefore, it is recommended to
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repeat JC virus PCR testing in the CSF, even
if the results of the initial testing were nega-
tive. A brain biopsy is the next step following
repeated negative JC virus PCR in the CSF. A
brain biopsy is the most specific test and has
100% specificity for PML.

How good is CSF testing of the JC virus using
PCR in patients with hematologic malignan-
cies?

In a report of sixteen patients with hemato-
logic malignancy-associated PML, four pa-
tients (25%) exhibited false negative CSF test
results and required brain biopsies to es-
tablish the diagnosis [17]. This report, and
our case, illustrate the fact that CSF testing
can be falsely negative in PML patients with
hematologic malignancies, and will thus re-
quire a brain biopsy in a sizable fraction of
patients to get to the diagnosis. If clinical
suspicion persists, despite multiple negative
CSF results, a brain biopsy is therefore
indicated.

What is the treatment and prognosis of PML
patients with hematologic malignancies?

PML is a rare complication in the treatment
of hematologic malignancies, with most of
the cases occurring after hematopoietic stem
cell transplants (HSCT) or after the use of
monoclonal antibodies for the treatment of
indolent lymphomas [18]. Cases involving the
development of PML associated with HSCT
have been found to have better outcomes
compared to non-HSCT cases, most likely as
a result of immune reconstitution following
HSCT [18]. There is no specific or curative
treatment for PML. The condition is almost
invariably fatal with a median survival of two
months following the diagnosis [17, 18]. The
aim of the therapy is to reconstitute the im-
mune system, which involves stopping all
immunosuppressive therapy. It is nearly
impossible to quickly recover immunity ag-
ainst the JC virus, due to a deeply paralyzed
cell-mediated immune system in this setting
as a result of the cancer treatment. BK virus
specific adoptive T cell therapy [19] and donor
lymphocyte infusion have been tried without
definitive success. Novel effective therapies
are urgently needed for this dreadful disease.
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Conclusion

The ibrutinib use in our patient with CLL was
associated with a fatal case of PML. The
mechanism behind the underlying viral reacti-
vation after ibrutinib use in CLL is unknown.
The cause-effect relationship with ibrutinib
and PML is hard to establish because PML is
also known to occur in indolent hema-
tologic malignancies even without treatment
[17, 18]. Nevertheless, clinicians need to be
aware that new onset neurologic symptoms in
patients with CLL receiving ibrutinib could be
due to PML. The diagnosis of PML in this
setting is challenging and may require a
brain biopsy if clinical suspicion remains high
despite negative PCR results for the JC virus in
the CSF. The prognosis remains dismal with or
without therapy.
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